Phosphogypsum is a by-product of processing phosphate rock for phosphoric acid production by acidulation with sulfuric acid. The size of phosphogypsum crystals is a major factor for the economics of the process as it greatly affects the filterability of the phosphoric slurry. Some minerals containing two major chemical components, silica and alumina, proved to be very effective additives for growth of phosphogypsum crystals. To analyze the effect of these components on crystal growth, many additives are tested in the industrial scale in present work. Tests were carried out in the industrial phosphoric acid production unit of PP2 in Safi site. The present paper summarizes the results of phosphoric acid production from Youssoufia Washed Floated phosphate with addition of minerals aiming at increasing the filtration rate and better understand the effects of silica and alumina on filtration rates and phosphogypsum crystal size distribution. It is shown that the addition of reactive silica for complexation of the F element, which is unfavorable to a good crystallization, is seen to be insufficient in the absence of alumina; the crystals are developed, but in a single direction and become like thin bars. Furthermore, the presence of alumina improves the crystal morphology advantage with regular development along the three axes and achievement of large and uniform crystal shape. 
Basic principles of phosphoric acid production
Phosphoric acid is an important intermediate product for production of fertilizers. It is mainly produced by the dihydrate process in which natural phosphates formed mainly of fluorine-apatite, as general formula (Ca3 (PO4) 2).CaF2] is leached with sulfuric acid (H2SO4) and weak phosphoric acid to produce phosphoric acid. A simple dihydrate process flow-sheet is given in Fig. 1 . Crystallization of calcium sulfate dihydrate (phosphogypsum) occurs as leaching is taking place. The main reaction for the dihydrate process is as follows (Becker, 1989 Carbonaceous materials are decomposed with formation of carbon dioxide which causes the release of foams when attacking rock rich in organic material.
Although the reaction is fast (2 to 10 min), the residence time is very long and extends from 2 to 8 h (Becker, 1989) . After leaching, the slurry is filtered and counter-current washed to separate the acid from the phosphogypsum cake.
Filtration operation represents a bottleneck in the wet-process phosphoric acid industry. Using the same filter area, the production capacity with lower operating costs can be achieved if the filtration rate is increased. The main objective of phosphoric acid manufacture is to obtain the highest concentration of phosphoric acid with the maximum yield (Becker, 1989; Slack, 1968) . The yield is dependent on the completeness of the reaction of phosphate concentrate with sulfuric acid, the efficiency of separation of phosphoric acid from calcium sulfate and the quantity of washing water required to remove essentially all the P2O5 from the calcium sulfate during the filtration (Becker, 1989; Slack, 1968) . Consequently, the characteristics of the filter cake formed during the reaction such as crystal size, size distribution and morphology of the crystals are the most important factors in both phosphoric acid filtration rate and the economics of phosphoric acid production. Using the same filter area, the production capacity with lower operation (running) costs can be achieved if the filtration rate is increased. It is well known that the filtration rate depends on characteristics of filter cake; large, spherical and narrow size distribution crystals give a better filtration rate (Becker, 1989; Slack, 1968) . The temperature and the phosphoric acid concentration in the reactor are the controlling factors governing the degree of hydration of calcium sulfate in phosphoric acid (Becker, 1989; Slack, 1968 (Liu and Nancollas, 1973) . To our knowledge, limited data are reported about particular effect of active silica and alumina when they are used simultaneously. In this industrial study, effect of silica for complexation of the F element which is unfavorable for crystals development, is observed. This effect is limited in absence of alumina and crystals grow in one single direction and become like thin bars. Alumina, due to its "surface power density" have the property of being adsorbed by the fastest growing face preventing the positioning of Ca2 + and SO42-ions. These should then migrate to the axes where growth is slower for inclusion in the crystal lattice. This results in crystals with length / width ratios close to 1. This has a positive effect on the filtration efficiency.
Industrial test

Description of Phosphoric II production plant
This study was performed in Phosphoric II plant; one of phosphoric acid production units of Maroc Chimie in Safi site (Morocco). Using a RHONE POULENC technology, phosphoric acid is produced using dihydrate wet process by leaching phosphate with sulfuric acid (Fig. 2 and Fig. 3) .
With a capacity of 720 TP2O5/h, the plant consists of grinding unit supplied by the storage hall (27000T) by conveyors. The grinding method is a dry grinding in a closed circuit. Grinding is done in the pendulum mill (Poitemill 30-3). The ground phosphate with suitable particle size (100% <400μ) supplies the reaction unit and the excess is stored in the silo and if necessary, the reaction unit is supplied directly from the silo through pneumatic transport.
In the reaction step, phosphate is leached with sulfuric acid at 98% concentration provided by sulfuric acid plant PS2. Phosphate is introduced into a reaction tank (R6300). This tank also receives the return slurry cooled in a Flash Cooler containing enough sulfuric acid to enable decomposition and the complete solubilization of phosphate; a complement of sulfuric acid 98% injected through a mixing rod which also receives the recycled acid from the filters. To adjust the available sulfate content of the slurry's filtrate from the reaction attack tank R6300 at the desired level; sulfuric acid residue is injected into the reaction tank R6301 by dispersers. Slurry overflows from reaction tank R6300 to attack tank R6301 in order to complete the reaction. Slurry is pumped from this tank by a pump to a Flash Cooler for cooling under a vacuum of about 180 mmHg which is provided by a vacuum pump.
Phosphoric slurry overflows the R6301 tank to passing vessel R6302, from which it is transferred to the digester tank R6303, where maturation of the gypsum crystals is completed. From this last tank, two slurry pumps P63U and P63P with adjustable speeds, feeds UCEGO # 10 and 24-60 PRAYON filters to separate gypsum from acid. The gypsum cake is washed two times by warm water 60°C in order to retrieve the P2O5 retained by gypsum. The latter is analyzed afterward to determine the losses of P2O5 (co-crystallized, unreacted, soluble).
Phosphoric acid produced is transferred to the storage unit before being concentrated through four concentration units. CAP 2X and CAP 2Y with a capacity of 200 TP2O5 / d, CAP3X 300 TP2O5 / d and 325 CAP3Y TP2O5 / d. The first three units are based on graphite blocks exchanger while the fourth (CAP 3Y) consists of a tubular heat exchanger.
Phosphoric acid concentration operation consists to remove a portion of water contained in the weak acid (30% P2O5) to convert it into strong acid (54% P2O5). The acid is heated by saturated steam in the heat exchanger and the evaporation is done in the boiler under vacuum at 70 torr and 80 ° C.
The circulation pump maintains in a closed circuit a high flow of hot concentrated acid in the loop. The 30% P2O5 acid is introduced at the inlet of the boiler and the production of the 54% P2O5 acid is withdrawn from the boiler by overflow and sent to 54% P2O5 unclarified acid stock.
The vacuum is maintained within the boiler by using steam ejectors for the CAP2X, 2Y, 3X and a vacuum pump for CAP3Y.
The steam produced in the boiler is condensed in the scrubber condenser through seawater The unclarified 54% P2O5 acid is then unsaturated (in an agitated tank T6701) and decanted (T6702) before being stored in the clarified acid tank T6704. The sludge from the decantation of 54%P2O5 acid is collected in sludge tank (T6705) and sent to the decantation of 30%P2O5 acid tank (T6504). The sludge from the decantation of 30% is rerecycled into the reaction tank. 
Phosphate characterization
During this study phosphoric acid production plants of PP2 use phosphate rock from Youssoufia (230 km south of Casablanca). Its chemical composition is indicated by Table 1 . 
Additives composition:
To analyze and evaluate the effect of silica and alumina on the gypsum crystallization and industrial performance, we conducted the tests of four additives: Silica, Perlite, Clay and kaolin.
Chemical analyses of these additives are given in the following table: Alufluor silica is characterized by its high content of reactive silica. It is available in sufficient quantity because of its other uses such as defluoration operation in phosphoric acid production lines.
Clay supplied by TOUISSIT Company from Rhamna region (North Marrakech) is characterized by a fine grain size which is favorable to good homogenization with phosphate, and therefore its attack by the reaction medium. Its composition is rich in reactive silica and alumina.
Supplied from Nador's region, Perlite, unlike clay, is characterized by coarse grain size and high hardness; this explains the abrasion problems encountered when using it in the Add station. It is characterized by low levels of reactive silica and alumina.
Kaolin clay composed primarily by kaolinite, from phyllosilicates's family and which is none other than hydrated aluminum silicates with formula Al2Si2O5 (OH) 4. It is supplied by Soka Company (France)
Industrial test procedure.
Phosphoric II line has its unit for mineral additives dosage; the introduction point of these additives is located at the feed of ground phosphate, after the mill, immediately before its introduction in Attack tank.
This unit consists of an additives storage hopper loaded by means of a hoist. A pneumatic system allows supplying the reaction tank trough dosing unit for additive flow adjustment:
Several dosages values were tested for each additive in order to adjust Alumina and silica phosphate content at the reaction inlet as it seen in the following table: 
Thirteen tests were conducted according to additive type and dosage. Silica varies between 1.8% and 2.5% while alumina ranged from 0.31% to 0.75%.
The following parameters during this test are efficiencies; P2O5 losses, Filtration rate, Crystal's morphology.
Calculation of Filtration Rate.
In the industry filtration rate is expressed in tons P2O5 produced per square meter per day. The filtration rate is calculated according to Equation (6) where P is the Acid 30% production during the referential period, a: filter area (m2), t: the filtration time (day). t a P IFR * I. F.R : Industrial Filtration rate, ton P2O5 /m2.day P : Acid 30% production during the referential period a : filter area (m2) t : Total time of filtration, washing and drying (day) 
Attack efficiency.
Attack efficiency or attack yield which also called digestion or process efficiency (digestion or process efficiency,% of extraction or conversion) is defined as the % of P2O5 removed from the phosphate into solution, because some of the P2O5 is lost with incompletely washed gypsum taking place in the filter. The reaction efficiency is calculated according to the following equation:
Washing efficiency.
The main objective of the washing operation is to extract, with wash liquor, as much as possible of the phosphoric acid held by the capillary forces in the interstices of the gypsum cake. Wash liquor displaces the impregnating phosphoric acid. The washing (filtration) efficiency is defined as the % of watersoluble P2O5 passing from the slurry into the produced phosphoric acid. It is calculated applying the following relation: Washing yield (%) = reaction yield-attack yield
Result and discussions
The aim of this study is analyzing and comparing phosphoric acid production performances obtained with the addition of various additives containing silica and alumina in order to highlight the complementary effect of these two elements on calcium sulfate crystallization. Four mineral additives have been used under the same conditions in phosphoric II line. Several doses were tested for each additive as shown previously.
We were interested on the effect of silica and alumina phosphate content on P2O5 washing losses, filtration rate, reaction data and phosphogypsum crystal size and shape.
Characterization of the situation without additives
Before tests of mineral additives, some results were checked corresponding to situation without additive addition. Obtained results showed in Table 7 provide a baseline to results corresponding to the case of addition tests. 
Tests results presentation
Operating conditions
Additives tests were conducted in the following conditions: 
Effect of Additives on Process Efficiencies
Experiments were conducted using silica, perlite, alumina and Kaolin added either just prior to attack stage to determine their effects on the reaction data. Results from these tests are presented in Tables 9.  For process efficiency, the result obtained is presented in table 9 . We can notice an increase of 1.3 points in 13 th test compared to baseline. The evolution of process efficiency is mainly due to filtration efficiency which recorded an increase of 0.7 points compared to baseline as it is shown in figure 4. Table 9 : Variation of P2O5 yields and losses according to silica and alumina phosphate content. In more detail, we illustrate in figure 5 the evolution of different process losses during tests according to phosphate alumina and silica content variation.
We noted that additives has a significant impact on soluble water losses which slow down from 0.35% representing 1.78% in total losses, when any additive doesn't apply, to 0.25% corresponding to 1.26% on total losses upon addition of Kaolin with a dosing of 1200 kg/h.
Unreacted and co-crystallized losses (%INR and %CC) shows not having any direct significant impact. The first graph clearly demonstrates the evolution of water soluble losses depending on phosphate alumina content variations.
On the other hand we can see that evolution of silica had no significant effect on water soluble losses until the 7 th test. Also, correlation curve between alumina and %sw (Fig 6a) shows a perfect dependence.
(a) (b) Figure 6 : a) correlation curve between alumina and %sw. b) Evolution %ws loses according to alumina and silica phosphate content Chart in figure 6b, shows evolution of %ws and silica phosphate content according to alumina content. We can clearly notice that starting from 0.46% of alumina, %ws losses have significantly dropped by 0.46 points with increase of silica.
This drop practically leveled off after alumina exceeded 0.62% despite the increase of silica content. Silica didn't seem to have any significant effect at this level.
As it is shown in figure 7 , we distinguish three zones based on the interpreted results; Figure 7 : % ws variation according to alumina and silica phosphate content; three zones of influence -Z 1: Represents alumina content in phosphate below 0.48%, the impact of silica on %sw is not observed.
-Z 2: Between 0.48% and 0.62% of alumina, silica variation has a significant impact on soluble water losses (%sw) -Z 3: Showing a stagnation of soluble water losses despite the increase in both silica and alumina. Figure 8 shows Industrial Filtration Rate (IFR) variation according to alumina and silica phosphate content. We can also notice the influence of alumina variation on IFR. Silica doesn't have any significant influence for the low values of alumina. Its impact began at alumina content of 0.48% as it was the case on soluble water losses. One of the most important factors affecting the filtration rate is gypsum morphology (size and shape of crystals). For the best filtration, crystals of uniform size are most desirable. Very large crystals coexisting with very small ones in the absence of intermediate size crystals will offer poor filtration characteristics.
Effect on filtration rate.
In this part, additives were tested for their ability to improve growth of gypsum crystals. The presence of additives in supersaturated solutions affects as observed not only the reaction stability and kinetics of crystals growth but crystals size and shape as well, As shown in figure 3 , electronic microscopic images were collected for visual analysis in order to assess the effects of additives containing silica and alumina on crystal morphology (shape and size). The characteristic morphology of gypsum crystals formed in the absence of additives as given by Microscopic analysis is shown in Figure 3 (a) . Examination of the morphology of the gypsum crystals showed the formation of the characteristic needle-like and Small thin lozenges crystals. This presence of a small-size crystals decreases filtration by plugging the cloth.
The habit of the calcium sulfate crystals was affected by presence of additives, as may be seen in Figure 3 (b, c d, and e). The presence of additives resulted in less Small thin lozenges crystals. The length of the needle-like crystals, the surface-to-volume and length-to-wide are reduced. Figure 3 (b) shows crystals in the case of addition of Silica. Crystals are promoted but only in a single direction. Their arithmetic and geometric mean diameters are still lower. Their shape remains as needle-like type; length-towidth and surface-to-volume are stable with no subsequent change than without additives. The presence of some small-size crystals is still observed.
Addition of Perlite containing 12 % Al2O3 and 38 % of Active Silica change crystal size and habitus (Fig 3c) . The length-to-wide ratio is reduced and divided by 3. Small thin lozenges crystals are disappeared. However crystals morphology remains still as needle-like crystals with the presence of little but not sufficient of rhombic-type crystals shape. Figure 3d gives image of crystals corresponding to test with addition of Clay. Crystals are relatively thicker and larger crystals are formed with the presence of rhombic shape. It is also observed a certain number look like spheres as a mixture of different shapes, commonly called clusters. The latter will cause channels to exit among the flat material; these channels enhance the flow of the filtrate.
With addition of kaolin, as shown in fig 3e, crystals become more regulars and the length-to-wide ratio approximates 1 with rhombic and X-shaped swallowtail twins.
Concluding remarks
From these results obtained in industrial scale, we can say that the addition of alumino-silicate minerals to the Youssoufia Washed and Floated phosphate rock is benefic to enhance the slurry Filtration Rate by modifying the shape of phosphogypsum crystals.
We can also conclude that: -Alumina have a key role for a regular crystals shape -Crystals Increases only in one direction with Silica -A regular crystals are desirable for a good performance -Required alumina content range from 0.48% to 0.62% -Required Silica content > 1.6%
